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Introduction 34
While innate immune mechanisms were neglected during the decades where 35 adaptive immunity captured most of the attention, they have become central to our 36 understanding of immunology. Recent emphasis on innate immunity has, however, 37 mostly focused on the first two phases of the immune response: microbial 38 recognition and associated downstream signaling pathways. In contrast, how innate 39 immune effectors individually or collectively contribute to host resistance has not 40 been investigated to the same extent. The existence of multiple effectors that 41 redundantly contribute to host resistance has hampered their functional 42 characterization by genetic approaches 1 . The single mutation methodology that still 43 prevails today has obvious limits in the study of immune effectors, which often 44 belong to large gene families. As such, our current understanding of the logic 45 underlying the roles of immune effectors is only poorly defined. As a consequence, 46
the key parameters that influence host survival associated with a successful immune 47 response are not well characterized. In this paper, we harnessed the power of the 48 CRISPR gene editing approach to study the function of Drosophila antimicrobial 49 peptides in host defence both individually and collectively. 50 Antimicrobial peptides (AMPs) are small, cationic, usually amphipathic peptides 51 that contribute to innate immune defence in plants and animals 2-4 . They display 52 potent antimicrobial activity in vitro by disrupting negatively-charged microbial 53 membranes, but AMPs can also target specific microbial processes [5] [6] [7] . Their 54 that are induced upon systemic infection. These include five single gene mutations 120 affecting Defensin (Def SK3 ), Attacin C (AttC Mi ), Metchnikowin (Mtk R1 ), Attacin D 121 (AttD SK1 ) and Drosomycin (Drs R1 ) respectively, and three small deletions removing 122
both Diptericins DptA and DptB (Dpt SK1 ), the four Cecropins CecA1, CecA2, CecB, and 123
CecC (Cec SK6 ) and the gene cluster containing Drosocin, and Attacins AttA & AttB 124 (Dro-AttAB SK2 ). All mutations/deletions were made using the CRISPR editing 125 approach with the exception of Attacin C, which was disrupted by insertion of a 126
Minos transposable element 47 , and the Drosomycin and Metchnikowin deletions 127 generated by homologous recombination (Fig. 1A) . To disentangle the role of 128
Drosocin and AttA/AttB in the Dro-AttAB SK2 deletion, we also generated an individual 129
Drosocin mutant (Dro SK4 ); for complete information, see Figure S1 . We then 130 isogenized these mutations for at least seven generations into the w 1118 DrosDel 131 isogenic genetic background 48 (iso w 1118 ). Then, we recombined these eight 132 independent mutations into a background lacking all 14 inducible AMPs referred to 133 as "ΔAMPs." ΔAMPs flies were viable and showed no morphological defects. To 134 confirm the absence of AMPs in our ΔAMPs background, we performed a MALDI-135 TOF analysis of hemolymph from both unchallenged and immune-challenged flies 136 infected by a mixture of Escherichia coli and Micrococcus luteus. This analysis 137 revealed the presence of peaks induced upon challenge corresponding to AMPs in 138 wild-type but not ΔAMPs flies. Importantly it also confirmed that induction of most 139 other immune-induced molecules (IMs) 49 , was unaffected in ΔAMPs flies ( Fig. 1B) . Of 140 note, we failed to observe two IMs, IM7 and IM21, in our ΔAMPs flies, suggesting that 141 these unknown peptides are secondary products of AMP genes. We further 142 confirmed that Toll and Imd NF-κB signaling pathways were intact in ΔAMPs flies by 143 measuring the expression of target genes of these pathways (Fig. 1C-D) . This 144 demonstrates that Drosophila AMPs are not signaling molecules required for Toll or 145 Imd pathway activity. We also assessed the role of AMPs in the melanization 146 response, wound clotting, and hemocyte populations. After clean injury, ΔAMPs flies 147 survive as wild-type ( Fig. 1 supplement A) . We found no defect in melanization (χ 2 , 148 p = .34, Fig. 1 supplement B) as both adults and larvae strongly melanize the cuticle 149 following clean injury, ( Fig. 1 supplement C) . Furthermore, we visualized the 150 formation of clot fibers ex vivo using the hanging drop assay and PNA staining 50 in 151 hemolymph of both wild-type and ΔAMPs larvae ( Fig. 1 supplement D) . Hemocyte 152 counting (i.e. crystal cells, FACS) did not reveal any deficiency in hemocyte 153 populations of ΔAMPs larvae ( Fig. 1 supplement E, F, and not shown) . Altogether, 154 our study suggests that Drosophila AMPs are primarily immune effectors, and not 155 regulators of innate immunity. 156
AMPs are essential for combating Gram-negative bacterial infection 157
We used these ΔAMPs flies to explore the role that AMPs play in defence against 158 pathogens during systemic infection. We first focused our attention on Gram-159 negative bacterial infections, which are combatted by Imd pathway-mediated 160 defence in Drosophila 1 . We challenged wild-type and ΔAMPs flies with six different 161
Gram-negative bacterial species, using inoculation doses (given as OD600) selected 162 such that at least some wild-type flies were killed (Fig. 2) . In our survival 163 experiments, we also include Relish mutants (Rel E20 ) that lack a functional Imd 164 response and are known to be very susceptible to this class of bacteria 51 . Globally, 165
ΔAMPs flies were extremely susceptible to all Gram-negative pathogens tested ( Fig.  166 2, light blue plots). The susceptibility of AMP-deficient flies to Gram-negative 167 bacteria largely mirrored that of Rel E20 flies. For all Gram-negative infections tested, 168
ΔAMPs flies show a higher bacterial count at 18 hours post-infection (hpi) indicating 169 that AMPs actively inhibit bacterial growth, as expected of 'antimicrobial peptides' 170 ( Fig. 2 
supplement A). Use of GFP-expressing bacteria show that bacterial growth in 171
ΔAMPs flies radiates from the wound site until it spreads systemically ( Fig. 2  172 supplement B,C). Collectively, the use of AMP-deficient flies reveals that AMPs are 173 major players in resistance to Gram-negative bacteria, and likely constitute an 174 essential component of the Imd pathway's contribution for survival against these 175 germs. 176 177 178
Bomanins and to a lesser extent AMPs contribute to resistance against Gram-179 positive bacteria and fungi 180
Previous studies have shown that resistance to Gram-positive bacteria and fungi in 181
Drosophila is mostly mediated by the Toll pathway, although the Imd pathway also 182 contributes to some extent 41, 43, 52, 53 .
Moreover, a deletion removing eight 183 uncharacterized Bomanins (Bom Δ55C ) induces a strong susceptibility to both Gram-184 positive bacteria and fungi 45 , suggesting that Bomanins are major players 185 downstream of Toll in the defence against these germs. This prompted us to explore 186 the role of antimicrobial peptides in defence against Gram-positive bacteria and 187 fungi. We first challenged wild-type and ΔAMPs flies with two lysine-type (E. 188 faecalis, S. aureus) and two DAP-type peptidoglycan containing Gram-positive 189 bacterial species (B. subtilis, L. innocua). We observed that ΔAMPs flies display only 190 weak or no increased susceptibility to infection with these Gram-positive bacterial 191 species, as ΔAMPs survival rates were closer to the wild-type than to späztle flies 192 (spz rm7 ) lacking a functional Toll pathway (Fig. 2 , orange plots). Meanwhile, Bom Δ55C 193 mutants consistently phenocopied spz rm7 flies, confirming the important 194 contribution of these peptides in defence against Gram-positive bacteria 45 . 195 Next, we monitored the survival of ΔAMPs to the yeast Candida albicans, the 196 opportunistic fungus Aspergillus fumigatus and two entomopathogenic fungi, 197
Beauveria bassiana, and Metarhizium anisopliae. For the latter two, we used a 198 natural mode of infection by spreading spores on the cuticle 41 . ΔAMPs flies were 199 more susceptible to fungal infections with B. bassiana, A. fumigatus, and C. albicans, 200 but not M. anisopliae (Fig. 2 , yellow plots). In all instances, Bom Δ55C mutants were as 201 or more susceptible to fungal infection than ΔAMPs flies, approaching Toll-deficient 202 mutant levels. Collectively, our data demonstrate that AMPs are major immune 203 effectors in defence against Gram-negative bacteria and have a less essential role in 204 defence against bacteria and fungi. 205 206 A combinatory approach to explore AMP interactions 207 The impact of the ΔAMPs deletion on survival could be due to the action of certain 208
AMPs having a specific effect, or more likely due to the combinatory action of co-209 expressed AMPs. Indeed, cooperation of AMPs to potentiate their microbicidal 210 activity has been suggested by numerous in vitro approaches 7,54,55 , but rarely in an 211 in vivo context 56 . Having shown that AMPs as a whole significantly contribute to fly 212 defence, we next explored the contribution of individual peptides to this effect. To 213 tackle this question in a systematic manner, we performed survival analyses using 214 fly lines lacking one or several AMPs, focusing on pathogens with a range of 215 virulence that we previously showed to be sensitive to the action of AMPs. This 216 includes the yeast C. albicans and the Gram-negative bacterial species P. 217 burhodogranariea, P. rettgeri, Ecc15, and E. cloacae. Given eight independent AMP 218 mutations, over 250 combinations of mutants are possible, making a systematic 219 analysis of AMP interactions a logistical nightmare. Therefore, we designed an 220 approach that would allow us to characterize their contributions to defence by 221 deleting groups of AMPs. To this end, we generated three groups of combined 222 mutants: flies lacking the primarily antibacterial Defensin and Cecropins (Group A, 223 mostly regulated by the Imd pathway), flies lacking the antibacterial Proline-rich 224
Drosocin, and the antibacterial Glycine-rich Diptericins and Attacins (Group B, 225 regulated by the Imd pathway), and flies lacking the two antifungal peptide genes 226
Metchnikowin and Drosomycin (Group C, mostly regulated by the Toll pathway). We 227 then combined these three groups to generate flies lacking AMPs from groups A and 228 B (AB), A and C (AC), or B and C (BC). Finally, flies lacking all three groups are our 229
ΔAMPs flies, which are highly susceptible to a number of infections. By screening 230 these seven genotypes as well as individual mutants, we were able to assess 231 potential interactions between AMPs of different groups, as well as decipher the 232 function of individual AMPs. 233 234 235
Drosomycin and Metchnikowin additively contribute to defence against the 236 yeast C. albicans 237
We first applied this AMP-groups approach to infections with the relatively 238 avirulent yeast C. albicans. Previous studies have shown that Toll, but not Imd, 239 contributes to defence against this fungus 57,58 . Thus, we suspected that the two 240 antifungal peptides, Drosomycin and Metchnikowin, could play a significant role in 241 the susceptibility of ΔAMPs flies to this yeast. Consistent with this, Group C flies 242 lacking Metchnikowin and Drosomycin were more susceptible to infection (p < .001 243 relative to iso w 1118 ) with a survival rate similar to ΔAMPs flies ( Fig. 3A) . Curiously, 244 AC deficient flies that also lack Cecropins and Defensin survived better than Group C 245 deficient flies (Log-Rank p = .014). We have no explanation for this interaction, but 246 this could be due to i) a better canalization of the immune response by preventing 247 the induction of ineffective AMPs, ii) complex biochemical interactions amongst the 248 AMPs involved, or iii) differences in genetic background generated by additional 249 recombination. We then investigated the individual contributions of Metchnikowin 250 and Drosomycin to survival to C. albicans. We found that both Mtk R1 and Drs R1 251 individual mutants were somewhat susceptible to infection, but notably only Mtk; 252
Drs compound mutants reached ΔAMPs levels of susceptibility ( Fig. 3B ). This co-253 occurring loss of resistance appears to be primarily additive (Mutant, Cox Hazard 254 Ratio (HR), p-value: Mtk R1 , HR = +1.17, p = .008; Drs R1 , HR = +1.85, p < .001; Mtk*Drs, 255 HR = -0.80, p =.116). We observed that Group C deficient flies eventually succumb to 256 uncontrolled C. albicans growth by monitoring yeast titre, indicating that these 257 AMPs indeed act by suppressing yeast growth ( Fig. 3C ). 258
In conclusion, our study provides an in vivo validation of the potent antifungal 259 activities of Metchnikowin and Drosomycin 28,29 , and highlights a clear example of 260 additive cooperation of AMPs. 261
AMPs synergistically contribute to defence against P. burhodogranariea 262
We next analyzed the contribution of AMPs in resistance to infection with the 263 moderately virulent Gram-negative bacterium P. burhodogranariea. We found that 264 Group B mutants lacking Drosocin, the two Diptericins, and the four Attacins, were as 265 susceptible to infection as ΔAMPs flies ( Collectively, the use of various compound mutants reveals that several Imd-293 responsive AMPs, notably Drosocin, Attacins, and Diptericins, jointly contribute to 294 defence against P. burhodogranariea infection. A strong susceptibility of Group B 295 flies was also observed upon infection with Ecc15, another Gram-negative 296 bacterium commonly used to infect flies 59 ( Fig. 4 supplement B) . 297
Diptericins alone contribute to defence against P. rettgeri 298
We continued our exploration of AMP interactions using our AMP groups approach 299 with the fairly virulent P. rettgeri (strain Dmel), a strain isolated from wild-caught 300
Drosophila hemolymph 60 . We were especially interested by this bacterium as 301 previous studies 61,62 have shown a correlation between susceptibility to P. rettgeri 302 and a polymorphism in the Diptericin A gene pointing to a specific AMP-pathogen 303 interaction. Use of compound mutants revealed only loss of Group B AMPs was 304 needed to reach the susceptibility of ΔAMPs and Rel E20 flies ( Fig. 5A ). Use of 305 individual mutant lines however revealed a pattern strikingly different from that P. 306 burhodogranariea, as the sole Diptericin A/B deficiency caused susceptibility similar 307 to Group B, ΔAMPs, and Rel E20 flies ( Fig. 5B ,C). We further confirmed this 308 susceptibility using a DptA RNAi construct ( Fig. 5 supplement A, B ). Moreover, flies 309 carrying the Dpt SK1 mutation over a deficiency (Df(2R)Exel6067) were also highly 310 susceptible to P. rettgeri (Fig. 5D ). Interestingly, flies that were heterozygotes for 311 Dpt SK1 or the Df(2R)Exel6067 that have only one copy of the two Diptericins were 312 markedly susceptible to infection with P. rettgeri (Fig. 5D ). This indicates that a full 313 transcriptional output of Diptericin is required over the course of the infection to 314 resist P. rettgeri infection ( Fig. 5E ). Altogether, our results suggest that only the 315 Diptericin gene family, amongst the many AMPs regulated by the Imd pathway, 316 provides the full AMP-based contribution to defence against this bacterium. To test 317 this hypothesis, we generated a fly line lacking all the AMPs except DptA and DptB 318 (ΔAMPs +Dpt ). Strikingly, ΔAMPs +Dpt flies have the same survival rate as wild-type flies, 319 further emphasizing the specificity of this interaction (Fig. 5B ). Bacterial counts 320 confirm that the susceptibility of these Diptericin mutants arises from an inability of 321 the host to suppress bacterial growth ( Fig. 5C ). 322
Collectively, our study shows that Diptericins are critical to resist P. rettgeri, while 323 they play an important but less essential role in defence against P. burhodogranariea 324 infection. We were curious whether Diptericin's major contribution to defence 325 observed with P. rettgeri could be generalized to other members of the genus 326
Providencia. An exclusive role for Diptericins was also found for the more virulent P. 327 stuartii ( Fig. 5 supplement C) , but not for other Providencia species tested (P. 328 burhodogranariea, P. alcalifaciens, P. sneebia, P. vermicola) (data not shown). 329
Drosocin is critical to resist infection with E. cloacae 330
In the course of our exploration of AMP-pathogen interactions, we identified 331 another highly specific interaction between E. cloacae and Drosocin. Use of 332 compound mutants revealed that alone, Group B flies were already susceptible to E. Based on our study and Clemmons et al. 45 , we can now explain the susceptibility of 395
Toll and Imd mutants at the level of the effectors, as we show that mutations 396 affecting Imd-pathway responsive antibacterial peptide genes are highly susceptible 397
to Gram-negative bacteria while the Toll-responsive targets Drosomycin, 398
Metchnikowin, and especially the Bomanins, confer resistance to fungi and Gram-399 positive bacteria. Thus, the susceptibility of these two pathways to different sets of 400 microbes not only reflects specificity at the level of recognition, but can now also be 401 translated to the activities of downstream effectors. It remains to be seen how 402
Bomanins contribute to the microbicidal activity of immune-induced hemolymph, as 403 attempts to synthesize Bomanins have not revealed direct antimicrobial activity 46 . It 404
should also be noted that many putative effectors downstream of Toll and Imd 405 remain uncharacterized, and so could also contribute to host defence beyond AMPs 406 and Bomanins. 407
AMPs act additively and synergistically to suppress bacterial growth in vivo 408
In the last few years, numerous in vitro studies have focused on the potential for 409 synergistic interactions of AMPs in microbial killing 7,54,56,65-70 . Our collection of AMP 410 mutant fly lines placed us in an ideal position to investigate AMP interactions in an 411 in vivo setting. While Toll-responsive AMPs (Group C: Metchnikowin, Drosomycin) 412 additively contributed to defence against the yeast C. albicans, we found that certain 413 combinations of AMPs have synergistic contributions to defence against P. 
AMPs can act with great specificity against certain pathogens 432
It is commonly thought that the innate immune response lacks the specificity of the 433 adaptive immune system, which mounts directed defences against specific 434 pathogens. Accordingly for innate immunity, the diversity of immune-inducible 435 AMPs can be justified by the need for generalist and/or co-operative mechanisms of 436 microbial killing. However, an alternate explanation may be that innate immunity 437 expresses diverse AMPs in an attempt to hit the pathogen with a "silver bullet:" an 438 AMP specifically attuned to defend against that pathogen. Here, we provide a 439 demonstration in an in vivo setting that such a strategy may actually be employed by 440 the innate immune system. Remarkably we recovered not just one, but two 441 examples of exquisite specificity in our laborious but relatively limited assays. 442
Diptericin has previously been highlighted for its important role in defence against 443 P. rettgeri 62 We also show that Drosocin is specifically required for defence against E. cloacae. 459
This striking finding validates previous biochemical analyses showing Drosocin in 460
vitro activity against several Enterobacteriaceae, including E. cloacae 37 . As ΔAMPs 461 flies are more susceptible than Drosocin single mutants, other AMPs also contribute 462 to Drosocin-mediated control of E. cloacae. As highlighted above, Drosocin is similar 463 to other Proline-rich AMPs (e.g. Abaecin, Pyrrhocoricin) that have been shown to 464 target bacterial DnaK 6,7 . Alone, these peptides still penetrate bacteria cell walls 465 through their uptake by bacterial permeases 71,74 . Thus, while Drosocin would 466 benefit from the presence of pore-forming toxins to enter bacterial cells 71 , the 467 veritable "stake to the heart" is likely the plunging of Drosocin itself into vital 468 bacterial machinery. 469
On the role of AMPs in host defence 470
It has often been questioned why flies should need so many AMPs 1,4,75 . A common 471 idea, supported by in vitro experiments 7,65,70 , is that AMPs work as cocktails, 472
wherein multiple effectors are needed to kill invading pathogens. However, we find 473 support for an alternative hypothesis that suggests AMP diversity may be due to 474 highly specific interactions between AMPs and subsets of pathogens that they target. 475
Burgeoning support for this idea also comes from recent evolutionary studies that 476
show Drosophila and vertebrate AMPs experience positive selection 62,72,75-81 , a 477 hallmark of host-pathogen evolutionary conflict . Our functional demonstrations of 478 AMP-pathogen specificity, using naturally relevant pathogens 60, 82 , suggest that such 479 specificity is fairly common, and that certain AMPs can act as the arbiters of life or 480 death upon infection by certain pathogens. This stands in contrast to the classical 481 view that the AMP response contains such redundancy that single peptides should 482 have little effect on organism-level immunity 4,61,75,83 . Nevertheless, it seems these 483 immune effectors play non-redundant roles in defence. 484
By providing a long-awaited in vivo functional validation for the role of AMPs in host 485 defence, we also pave the way for a better understanding of the functions of immune 486 effectors. Our approach of using multiple compound mutants, now possible with the 487 development of new genome editing approaches, was especially effective to 488 decipher the logic of immune effectors. Understanding the role of AMPs in innate 489 immunity holds great promise for the development of novel antibiotics 18,84,85 , 490 insight into autoimmune diseases 86-89 , and given their potential for remarkably 491 specific interactions, perhaps in predicting key parameters that predispose 492 individuals or populations to certain kinds of infections 61,75,76 . Finally, our set of 493 isogenized AMP mutant lines provides long-awaited tools to decipher the role of 494
AMPs not only in immunity, but also in the various roles that AMPs may play in 495 aging, neurodegeneration, anti-tumour activity, regulation of the microbiota and 496 more, where disparate evidence has pointed to their involvement. 497 (OR-R) as an alternate wild-type), mutants for the Imd response (Rel E20 ), mutants for 529
Figure Captions
Toll signaling (spz rm7 ), and mutants for Bomanins (Bom Δ55C ). ΔAMPs flies are 530 extremely susceptible to infection with Gram-negative bacteria (blue backgrounds). 531
Unexpectedly, ΔAMPs flies were not markedly susceptible to infection with Gram-532 positive bacteria (orange backgrounds), while Bom Δ55C flies were extremely 533 susceptible, often mirroring spz rm7 mutants. This pattern of Bom Δ55C susceptibility 534 held true for fungal infections (yellow backgrounds). ΔAMPs flies are somewhat 535 susceptible to fungal infections, but the severity shifts with different fungi. Pellet 536 densities are reported for all systemic infections in OD at 600nm. P-values are given 537
for ΔAMPs flies compared to iso w 1118 using a Cox-proportional hazards model. 538 Colony counts were performed on pooled samples (5 flies) for bacteria amenable to 540 LB agar, a medium that avoids overnight growth of the host microbiota. A) For 541
Gram-negative bacterial infections, ΔAMPs flies have significantly higher bacterial 542 loads than iso w 1118 at 18 hours post-infection (hpi) (i). This is not true for any of the 543
Gram-positive bacteria tested (ii), while spz rm7 mutants carried higher bacterial 544 loads, significantly so in E. faecalis infections. Gram-negative (B) and Gram-positive 545 (C) infections with GFP-labelled bacteria spread from the wound site systemically in 546 all genotypes tested. Thus ΔAMPs fly mortality is likely not due to tissue-specific 547 colonization by invading bacteria, but rather a failure to suppress bacterial growth 548 first locally, and then systemically. One-way ANOVA: not significant = ns, p < .05 = *, 549 p < .01 = **, and p < .001 = *** relative to iso w 1118 . 550 albicans growth (C'). Fungal titres at 36hpi (C''), a time point closer to mortality for 561 many AMP mutants, show that some AMP mutants fail to control fungal load, while 562 wild-type flies consistently controlled fungal titre. One-way ANOVA: not significant 563 = ns, p < .05 = *, p < .01 = **, and p < .001 = *** relative to iso w 1118 . 564 .001 = *** relative to iso w 1118 . 580
Figure 4 supplement: A) Dissection of the susceptibility of Group A flies lacking 581
Defensin and Cecropins reveals that combined mutants have an additive loss of 582 resistance (Def*Cec, HR = +0.36, p = .342). B) Upon infection with the Gram-negative 583
Ecc15, Group B peptides (Drosocin, Attacins and Diptericins) explain the bulk of 584 mortality, but additional loss of other peptides in ΔAMPs flies leads to increased 585 mortality (Log-Rank p = .013). 586 Metchnikowin) succumb to P. stuartii infection as wild-type ('ΔAtt, ΔDro, Mtk R1 '), 605 while Diptericin mutation alone (Dpt SK1 ) or combined ('ΔAtt, ΔDro, Mtk R1 , ΔDpt') 606 leads to a susceptibility similar to Rel E20 mutants. This pattern of survival was 607 similar to the pattern observed with P. rettgeri. One-way ANOVA: p < .001 = ***. 608 Figure S1: Genetic description of mutations generated in this study. Mtk R1 and Drs R1 628 mutations entirely replaced the CDS with an insert from the piHR vector. Non-629 synonymous nucleotides in mutants are given in red. 630 and Attacin D (AttD SK1 ) are small indels resulting in the production of short (80-107 655 residues) nonsense peptides. Mutations were isogenized for a minimum of seven 656 generations into the iso w 1118 background prior to subsequent recombination. 657 658
Microbial culture conditions 659 Bacteria were grown overnight on a shaking plate at 200rpm in their respective 660 growth media and temperature conditions, and then pelleted by centrifugation at 661 4°C. These bacterial pellets were diluted to the desired optical density at 600nm 662 (OD) as indicated. where independent experiments were included as covariates, and covariates were 686 removed if not significant (p > .05). Direct comparisons were performed using Log-687
Rank tests in Prism 7 software. The effect size and direction is included as the 688
CoxPH hazard ratio (HR) where relevant, with a positive effect indicating increased 689 susceptibility. CoxPH models were used to test for synergistic contributions of AMPs 690 to survival in R 3.4.4. Total sample size (N) is given for each experiment as indicated. 691
Quantification of microbial load 692
The native Drosophila microbiota does not readily grow overnight on LB, allowing 693 for a simple assay to estimate bacterial load. Flies were infected with bacteria at the 694 indicated OD as described, and allowed to recover. At the indicated time post-695 infection, flies were anaesthetized using CO2 and surface sterilized by washing them 696 in 70% ethanol. Ethanol was removed, and then flies were homogenized using a 697
Precellys TM bead beater at 6500rpm for 30 seconds in LB broth, with 300ul for 698 individual samples, or 500uL for pools of 5-7 flies. These homogenates were serially 699 diluted and 150uL was plated on LB agar. Bacterial plates were incubated overnight, 700
and colony-forming units (CFUs) were counted manually. Statistical analyses were 701 performed using One-way ANOVA with Sidak's correction. P-values are reported as 702 < 0.05 = *, < 0.01 = **, and < 0.001 = ***. For C. albicans, BiGGY agar was used instead 703
to select for Candida colonies from fly homogenates. 704
Gene expression by qPCR 705
Flies were infected by pricking flies with a needle dipped in a pellet of either E. coli 706 or M. luteus (OD600 = 200), and frozen at -20°C 6h and 24h post-infection 707 respectively. Total RNA was then extracted from pooled samples of five flies each 708
using TRIzol reagent, and re-suspended in MilliQ dH2O. Reverse transcription was 709 performed using 0.5 micrograms total RNA in 10 μl reactions using PrimeScript RT 710 (TAKARA) with random hexamer and oligo dT primers. Quantitative PCR was 711 performed on a LightCycler 480 (Roche) in 96-well plates using Applied 712
Biosystems™ SYBR™ Select Master Mix. Values represent the mean from three 713 replicate experiments. Error bars represent one standard deviation from the mean. 714
Primers used in this study can be found in Table S1 . Statistical analyses were 715 performed using one-way ANOVA with Tukey post-hoc comparisons. P-values are 716
reported as not significant = ns, < 0.05 = *, < 0.01 = **, and < 0.001 = ***. qPCR 717 primers and sources 11,72,95 are included in Table S1 . 718
MALDI-TOF peptide analysis 719
Two methods were used to collect hemolymph from adult flies: in the first method, 720 pools of five adult females were pricked twice in the thorax and once in the 721 abdomen. Wounded flies were then spun down with 15μL of 0.1% trifluoroacetic 722 acid (TFA) at 21000 RCF at 4°C in a mini-column fitted with a 10μm pore to prevent 723 contamination by circulating hemocytes. These samples were frozen at -20°C until 724 analysis, and three biological replicates were performed with 4 technical replicates. 725
In the second method, approximately 20nL of fresh hemolymph was extracted from 726 individual adult males using a Nanoject, and immediately added to 1μL of 1% TFA, 727 and the matrix was added after drying. Peptide expression was visualized as 728 described in Üttenweiller-Joseph et al. 49 . Both methods produced similar results, 729
and representative expression profiles are given. 730
Melanization and hemocyte characterization, image acquisition 731
Melanization assays 90 and peanut agglutinin (PNA) clot staining 50 was performed as 732 previously described. In brief, flies or L3 larvae were pricked, and the level of 733 melanization was assessed at the wound site. 
